Hygroscopic growth of aerosol particles can significantly affect their single-scattering albedo (), 14 and consequently alters the aerosol effect on tropospheric photochemistry. In this study, the impact of 15 aerosol hygroscopic growth on  and its application to the NO 2 photolysis rate coefficient (J NO2 ) are 16 investigated for a typical aerosol particle population in the North China Plain (NCP). The variations 17 of aerosol optical properties with relative humidity (RH) are calculated using a Mie-theory aerosol 18 optical model, on the basis of field measurements of number size distribution and hygroscopic 19 growth factor (at RH values above 90%) from 2009 HaChi (Haze in China) project. Results 20 demonstrate that ambient  has pronouncedly different diurnal patterns from  measured at dry state, 21 and is highly sensitive to the ambient RHs. Ambient  in the NCP can be described by a dry state  22 value of 0.863, increasing with the RH following a characteristic RH dependence curve. A Monte 23
Introduction

11
Single scattering albedo () is one of the most important aerosol optical properties. It influences the LAC and core-shell LAC mixed with less absorbing components coating. The mixing state of LAC 23 for ambient aerosol is described by the ratio of the externally mixed LAC to the total mass of LAC, 24 i.e. : (1) 26 where M ext-LAC is the mass of externally mixed LAC and M LAC,obs is the total mass LAC measured by 2.2.2. PNSDs of externally mixed LAC and core-shell mixed particles at dry state 3 Under the assumption in sect. 2.2.1, total PNSD of the aerosol population is comprised of subsets 4 PNSDs of the externally mixed LAC and the core-shell mixed particles, which are needed in the Mie 5 calculation. At dry state, this relationship is described as
where, N(logD p ) measure is the PNSD measured by TDMPS and APS for total aerosols, N(logD p ) ext-LAC 8 and N(logD p ) core-shell are the PNSDs of the externally mixed LAC and the core-shell mixed particles, 9 respectively. N(logD p ) ext-LAC can be derived from the mixing state presented by Ma et al. (2012) :
where, f LAC is the volume fraction of LAC, which can be calculated by
where, ρ LAC is the density of LAC, which is assumed to be 1.5 g cm −3 in this study. The size-resolved hygroscopic growth factors at different RHs (g(D p ,RH)) are calculated from the 16 hygroscopic parameter () and are used in this study to obtain the ambient PNSD:
where, D p (RH) and D p,dry are particle diameters at specific RH and at dry state, respectively. While 19 g(D p ,RH) for the external mixed LAC is assumed to be independent of RH and therefore does not 20 grow at any RH.
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the nearly-hydrophobic particles are composed mainly by the LAC and the primary organic aerosol 1 (POA). In this study, the ambient aerosols are classified based on their mixing state, which is quite 2 different from Liu et al. (2011) . The core-shell mixed aerosol is composed of not only 3 more-hygroscopic compositions, such as inorganic salts and acids, but also nearly-hydrophobic 4 compositions, such as POA and LAC. The hygroscopic behavior for the core-shell mixed aerosol can 5 not be represented definitely by Liu et al. (2011) . However, as shown in the work of Liu et al. (2014) , 6 the less-absorbing component consists of the majority aerosol populations (from 80% to 90%) at all 7 sizes. As a result, the size-resolved number fractions of the core-shell mixed aerosol are higher than 8 94%, and much larger than the externally mixed LAC. So is the hygroscopicity of the core-shell 9 mixed aerosol. Therefore, the hygroscopicity of the core-shell mixed aerosol is much close to that of 10 the aerosol population. The ensemble mean κ for all groups in Liu et al. (2011) can describe the 11 hygroscopicity of the core-shell mixing particles and used in the calculation of g(D p ,RH).
12
As represented by the Köhler theory (Köhler, 1936; Petters and Kreidenweis, 2007) , the relationship 13 between g and  at specific temperature (T) and RH is
where σ s/a is the surface tension of the solution/air interface, M water is the molecular weight of water 16 and R is the universal gas constant. More information of the size-resolved  is shown in Chen et al. At high RHs, the shell of aerosol takes up water and gets dissolved, which means the completely 3 internal mixture of the water and the less absorbing components. Both the diameter (as shown in Eq. 4 (6)) and the refractive indices of shell change at different RHs, i.e. :
Where, f solute is:
where, shell solute water ,, m m m are the refractive indices of the shell, solute (i.e. 1.53-10 −7 i, (Wex et al.,
2002)) and water (i.e. 1.33-10 −7 i, (Seinfeld and Pandis, 2006) ).
10
For the accumulation mode, the volume fraction of the solute in the shell decrease to 40% and 20% 11 at the RHs of 80% and 90% in the NCP. As a result, the refractive indices of the shell fall from 12 1.53-10 −7 i to 1.41-10 −7 i and 1.37-10 −7 i, respectively. The volume fraction of solute is lower than 5% 13 at RH of 99%, resulting in a refractive index close to 1.33-10 −7 i, i. 
where, x=πD p /λ. D P is the volume equivalent diameter of particles.  is the wavelength of radiation. θ although slight decreases occur at RH around 90% ( Fig. 3a & b) . So do the standard deviations (std) 3 of  ep and  sp . However,  ap is not sensitive to RH and fluctuate slightly with the increase of RH (Fig.   4 3c). As a result, the enhancement of  is sustained, from about 0.89 at a RH of 55% to about 0.95 at 5 a RH of 94% (Fig. 3d ). More detailed statistical characteristics of these aerosol optical properties at 6 different ranges of ambient RHs are listed in Table 1 . It was found that the increase of the ambient  7 from 0.87 to 0.96 brought about nearly 4.5 times enhancement of aerosol direct radiative forcing 8 (Cheng et al., 2008) . In the NCP, it's reasonable that the negative radiative forcing will be 9 strengthened by the increase of .
In addition, a specific case (the AVG-PRM case, the dotted lines in Fig. 3 ) used as average 11 parameters is calculated at different RHs. This case will be proved representative in the NCP by the 12 analysis as follows in Fig. 4, and The absorption coefficient of the aerosol in the NCP seems to be independent of RH in Fig. 3c Fig. 4b , along with the 21 frequency distribution of the measured  0 (Fig. 4a ) and RH (Fig. 4c ). As expected, the  approaches 22 higher values at either higher  0 or higher RHs. In detail, the  is more sensitive to   at lower RHs 23 and more sensitive to RH at higher RHs.
24
The distribution of  0 is mainly in the range of 0.80 to 0.95 and has an average of about 0.86 ( Fig.   25 4a), which agrees with the result in Ma et al. (2011) . Considering that over half of the  0 values are 26 in the range of 0.85~0.9, the value of 0.863 is representative for the NCP. The ambient RHs 27 distribute almost evenly between 60% and 95%, apart from the higher frequency at around 95% (Fig.   28 4c). It is essential to take the enhancement of  at high RHs into account. To sum up, the majority of  in the NCP can be described as the RH dependence at  0 of 0.863, i.e.  0 =0.863, RH), named as 1 the AVG-PRM case.
2
The overall influence of input parameters of the Mie model on the  at different RHs is investigated 3 by a Monte Carlo simulation. As shown in Table 2 , the uncertainties of both the measurements and 
